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FOREWOI, D

This report was prepared by Thiokol Chemical Corporation, Rzeaction
Motors Division, under U. S. Army Contract No. DA-I1-070-AMC -852(W).
It covers work done in the period 19 February 1965 through i8 May 1965.

Contributors to the program are: Project Engineer, Mr. Z. T. Ossefort of
Rock 1slaud Arsenal, Illinois; Project Leader, Mr. Jo3eDh Green of Thiokol;
Principal Scientist, Mr. Nathan Mayes of Thiokol, Laborat _ry Technician,
Mr. Alan Jackson of Thiokol.
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ABSTRACT

The synthesis oi zh-rnially stable czrborane-siloxane elastomers was
undertaken. Carboraw; ~ silane intermediates prepared include: neocarborane,
1, 7-di'allylcarborane, 1, 7-biI3f- (c,-crocrnethylsilyi) propyjicarborane, =
tet -amrethyldisi!oxane, dichiorot: zznethyldis;iloxaile and chiorodirnethyl silane.
A licuid polymer was obtained by si.y hydride addition polymerization of
1,7-diallylcarborane and tetrarne-ithv-idisi'loxanci. A hornopolymer of 1,7-
bis[3 - (chiorodimethylsilyl) propyiJ ex 'u,-rane prepared by hydrolysis, wasA
obtained as a gum; copolymners of this compound with diethoxydimnethylsilane
and dichiorotetramethyidi siloxane, obtained by alkoxy- halogen condensation
and hydrolysis respectively, were liquids of 1800 and 2500 molecular weight.
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I. INTRODUCTION

The objective of this program is the synthesis of thermally stable carbora%#!
siloxane elastomers. Previous work to prepare carborane tsiloxane polymers
has resulted in poly-ners containing carborane in the backbone and as endant
groups (Ref I a'nd 2>. These polymers were thermally stable to temperatures
above 4000C as shown by TGA. They were also elastomeric whet. the carbor e
units, either backbone or pendant, were suffitiently spaced to permit chain
flexibility. The structures with pendant carborane groups contained backbones
that were wholly or primari.y repeating siioxane groups and as such are capable
of undergoing thermal rearrangement to form stable siloxane cyclic compounds.
Moreover, the previously prepared backbo'e-carborane siloxane polymers were
potentially hydrolyticaily unstable due to the presence of silicon-carborant
linkages -Ahich, in analogous monomeric ompounds, have been shown tD be
readily hydrolyzed.

The choice of structures to be inves igated on this program was nfluenced
-y the foregoing considerations and as a result the structure considered to be
Most favorable for the objective is:

1,,

Ii I
'(CHZ 3sCBarH ,0C (CH~XSiC"

x

In this structure, there are no silicon-carborane bonds that may be hydrolyzed,
repeating siloxane linkages are minimized to inhibit decomposition through cyclic
siioxane fo~mation, the thermal stability of theF i(CHz)3CB G--grouping has
been demonstrated., non-cvclic-forming m -carborane (neocarborane) is er-
pioyed. and the poly m0rethylene and siloxane groups in the backbone should give
flexible chains. Thus. this program is dir,cted toward prenaration of polymers
having he favored structure and variations of this structure in order to determine
how factors such as number of repeating siioxane groups, number of methylene
greuc-s. or the regularitv of the backbone structure affect thermal and physical
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properties. Farther study of pendant carborane siloxane polymers is also

anticipated, primarily for comparison purposes.

The program consists of four phases: (I) bytheeis of monumers and polym-

ers. (Z) curing studies,{3) evaluation of materials and (4) material supply. The

monomers being synthesized in Phase 1 are compounds that will permit backbone-

carborane polymer formation. The carborane m-zonomers that have been or will

be prepared are 1,7-diallylcarborane (1), ,7-b;s(chiorodimethyls-ilyl)carborane

(11), and 1,7-bis{- hlorodimethylsilyl)propyIcarborane (Ill). The structure

and riumbering system of carborane are illustrated in Figure 1. The 1, 7 isomer

(neocarborane) is shown; other isomers are the 1 2(orthocaroorane) and the 1,12
(paracarborane) structures.

CHz=CHCHzCBxoHjoCCHCH=CHz

I

CISi (C8 3 )2G B1 H-I0GSi (CH, )zC i

UA AII

CILSi.( CHs )zCHzCHzC HzC B~oH i.GCHzCHzC HzS i({CH )zClI

I'n

itL

Borons 0 Carbons

Figure 1. Structure and Numbering Syst.m of Carborane
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3ther compounds prepared are tetrarnethyldisiloxane (IV), cic hlo rotet ramnethyl -
silcpxane (V), and dirnethyichiorosilane (VI). It was anticipated that

;hlorodixnethylsilane could be purchased;, however, this compound, which was
:ommercially available from Dow-Corning up unti a few months before the
itart of this program, is now unavailable and mut '4e prepared in the laboratory.OE

HSi(CH3 )ZOSi(CH 3 )zH

IV

ClSiCH)Z HOC

VI

The polymer synthesis empioved three types of reactions. One type, hydrolysis
tnd condensation of chiorosilanes or alkoxysilanes, is being used to prepare
tandom polysilynethyleneca rbo rane -siloxane copolyme rs. The other types,
;ilyl hydride addition to a diolefin and alkoxy -halide condensation, are being used
o synthe size regularly alternating polysilmethylenecarbo rane -s iloxane c opolymner s.

The curing studies phase of the program will encompass investigation of
jeroxide curatives to form thermally stable ethylene crosslinks by hydrogen
ibst'action from pendant methyl groups. In addition, curing studies will be
:-onducted with such curative s as AsZOS, VZO5, VOC13 and CrI2 O, to form thermally
itable Si-O-Metal crosslinks. Polymers that ccnt1ain SIH will be cured at theseI
ites to obtain Si-O-Si or SiC linkages.

Evaluation cf m-aterials will include initial characterization to determine
riolecular weight and PL~ynier structure. Further evaluation %-ill involve screen-
tng of the elastomner gumY. for therm. 1 stability by TGA and DTA. and subjection
if promising vulcanizd products to TGA, DTA and standard ASTM heat aging
ests to determine thermal and phmysical properlies g

The materials supply phase of the program is for the purpose of preparingx
imid supplying to the contracting agency ZOO grain quantities of materials that
tave potential for meeting the goals of the program.

-* -- Report RMD 5065-01WE
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II. TECHNICAL PROGRESS

PHASE I - MONOMER AND POLYMER SYNTHESIS

A. Carborane Intermediates and Monomers

1, 7-Diallylcarborane is necessary for the preparation of several of the
polymer structures that have been proposed for this program. Although this
compound has not been previously synthesized its isomer, 1, 2-diallylcarborane.
has been prepared (Ref 3) and the same procedure has been used here to
synthesize the 1, 7 isomer. m-Carborane was a starting material in this
synthesis. It was prepared in a series of steps involving 0 -carborane prip-
aration by oxidation of 1, Z-bis (hydroxymethyl)carborane (Ref 4) aad finally
thermal isomerizatior. of o-carborane to m-Carborane (Ref 5). m-Carborane
was converted to the diallyi compound by reactions illustrated in Equations I
and Z.

HCB 1eHIOCH + ZBuLi - LiCBIoHIoCLi + ZBuH (1)

LiCB1 4H 1 0 CLi + ZCH 2 - CHCHzBr > CHz = CHCHzCBOHIDCCHzCHz = CHz (2)

The reactions progressed smoothly to yield 89-9Z% of distilled product
(yield based on m-carborane). The product is a colorless liquid of bp 63°C/0.15
mm and n 1.535. It was characterized by infrared and elemental analysis.

Calculated for CsHZDB 1*: C, 42. 82; H, 8.98; B. 48. 18

Found: C, 42.72; H, B.87;B. 48.17

Approximately 130 g of 1, 7-diallyicarborane was prepared in three separate
reactions.

-- 4-
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B. Silane Intermediates and Mononers

I. Tetrarnethyldisiloxane

An attempt was made to prepare tetramethyldisiloxane by a Grignard re-
action of methylimagnesium iodide with dichlorornethylsilane followed by hy-
drolysis and fractional distillation of the products (Equation 3).

HIO
CHji(H )Cl2 +CH3IMgI( 0 ZHsh 0 jCH)zSi (H )Clj HSi (CH~0icsz (3)

A product of bp 700C (bp of tetramethyldisiloxane is 7 10C. Ref 6) was ob-
tained in 15% yield. The product was iodine-colored and apparently impure.
A second attempt using methylmagnesiun bromide as methylating agent yielded
50% of colorless product of bp 7ZC and nD 1. 3694 (Lit. nD . 3700, Ref 6).
Proton nuclear magnetic resonance analysis indicated the product to be tetra-
methyldisiloxane; however, infrared analysis and quantitative analysis for
SiH indicated the presence of an impurity which was not identified.

2. Chlorodimethylsilane

An effort was made to prepare chlorodinethyisilane by silicon haliqe-
silicon hydride interchange reactica as suggested by Eaborn (Ref 7). Eab-rn
cites an example of silicon halide-silicon hydride interchange in which chloro-
diethyls ilane is obtained from the aluminum chloride catalyzed reaction of
triethylsilane and dichlorodiethylsilane, and he suggests that a similar reaction

[CS3
could occur using the polysiloxane iSiOj. as a hydrogen source in place of ti-

LH

ethylsilane. The suggested approach is attractive for the preparation of chioro-
dimethylsilane because of tne ready availability of the hydroger source (hydrolysii- i
of C!zSi(CH 3 )Hland because the product should be easily isolated. The reaction
was attempted as suggested, however, none of the desired product was obtai-ed
(Equation 4).

Clzi(CHS)l + Sio Jr i(CH3)IH (4)
AMC1 3, retlux, 10 hr i(Hh(4

The preparation of chlorodimethylsilane was accomplished by reduction of
dichlorotetramethyldisiloxane with lithium aluminum hydride. It has been re-
ported in several instances that partial reduction of organohalogensilanes is
not possible (Ref 8). Thus, one cannot expect to reduce dichlorodinethylsilane

Report RMD 5065-Ca"5
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to chlorodimethylsilane. Such reactions actually yield the fully-reduced silane
even when a considerable deficiency of lithium aluminum hydride is used
(Equation 5).

ClaSi(CH3 )2 + LiAIH4 --- >HzSi(CH3 )z + CIzSi(CH3 )2 (5)

A variation of this reaction -,as d,ne here in which the dichlorodimethylsilane
was first partially hydrolyzeu to dichlorotetramethyldisiloxane and then re-
duced with lithium aluminum hydride in ether solution. Reduction occurred
preferentially at the siloxane bonds to yield chlorodimethylsilane (Equation 6).

ClaSi(CH 3 )2 + HzO-> ClSi(CH3 )z OSi(CH 3 )zC1 (6)

8mClSi(GH3 )ZOSi(CH 3 ),Cl+ 3mLiA1H4  ether C1Si(CH3)zH

The product (bp 36 0 C) could not be separated from ether by distillation, but
its presence in the distilled ether solution (bp 35 0 C) was indicated by the
infrared spectrum which exhibited absorptions for SiH and SiCH3 . The solution
yielded acid on hydrolysis, and a titration, assuming all chlarosilane present
to be chlorodimethylsilane, indicated that the latter had formed in 53% yield
(based on lithium aluminum hydride). If reduction also occurred at silylchloride
bonds the formation of dimethylsilane wouW be expected; however, no di-
methylsilane was obtaiLed in the reaction products.

When the reaction was conducted using, instead of pure dichlorotetramethyl-
disiloxane, a mixture of dichlorosiloxanes obtained from the partial hydrolysis
of dichlorodimethylsilane there was copious evolution of dimethylsilanc..
Chlorodimethylsilane also formed as it had previously; however, it was noted
that distillation of the chlorodimethylsilane -- thc r solution proceeded smoothly
at pot ternperatures<750 C, but at higher pot temperatures, a reaction occurred

to yield dimethylsilane (Equation 7).

CIZSi(CH 3 )z + HzO- [C1Si4CH3 ) (OSi (CH 3 )jn (7)

n = 0, 1, Z, 3, 4,

\ LIAIH 4 , ether

HS H >75C ClSi(CH3 )zH + HzSi(CH3 )zHz, - 3~) z 4.

The latter rcaction was apparently a between chlorodimethylsilane
and hydrosiloxanes still present in the reaction mixture.

6-
Report RMD 5065-Qi



"rAzaoe
RIACTION MOTORS DWvI$ON

C. Carborane-Silane Monomers

Chlorodirnethylsilane, in ether solution, was allowed to react with 1, 7-
diallylcarborane (Equation 8)j in the presence of chloroplatinic acid. Distillation

HzPtCl6" 6H20
CISi(CH3 )zH + CH 2 = CHCHZCB°H1QCCH2CH = CH E (8)

Ether

9H3 H3
ClSi (CHZ) 3CB t0H,0C (OH z)

CH, CH 3

of the reaction mixture yielded a small quantity of unreacted 1, 7-diallylcarborane
and fractions that boiled at 135°C/0.04 mm and 155 0C/0.05mm. The infrared
spectrui-n of the lower boiling fraction indicated it to be the partial Addition product,
H2C = CHCH2CBIoHIoC (CHz) 3Si(CH3 )ZC1. The higher boiling material, on the
basis of infrared and NMR analyses, is apparently i,7-[bis(3-chlorodimethyl-
silyl )propylcarborane.

D. Polymers

1. Silyl Hydride Addition Polymerization

The preparation of polymer by the reaction of tetramethyldisiloxane and 1, 7-
diallylcarborane war investigated (Equation 9).

9H 3 OH3
HSi 0 SiH + H2 C = CHCHzB 0 H1 CG-" " CH 2 H-PtCl *Eh6H (9)

IH IH Ether, reflux
CH3 CHH

CHI C143 a

i--0 i (CHz) 3CBj0Hj 0C(CHZ),
CHS CH 3  X

There was an exothermic reaction upon mixing the reactants in the presence of
chloroplatinic acid. The product, obtained after reluxing in ether several hours,
was a thin liquid apparently of low molecular weight. The infrared spectrum

' 7
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showed loss of SiH and C C and indicated that the addition had taken place.

2. Alkoxysilane- Halosilane Condensation Polymerization

An attempt to prepare a regularly alternating copolymer by the ferric
chloride catalyzed condensation of dieticoxydimethylsilane and 1,7-bis -
(dimethylchlorosilyl) propyljcarborane yielded a liquid - roduct of l,3tbv mole-
cular weight (Equation 10).

(CzHsO)zSi(CH 3)z + C Si(CH) jC BOHC(CH ,i . IC
1 30 hrs, 96-1100%

CHR'

+ CRH .

3. Hydrolysis/Condensation Poiyn-marizatlon

Polymerization of 1, 7-bis 5-chicrodinmethylsily!) pzopvl 2-.rboranc by
hydrolysis in acetone or methyl ,thyl ketone soluion yielded a 'lear colorless
tacky gum and a snall amount (<3%) ;-! crystalline material that sublimed at
160-180°C/ 0. 04mm (Equation II). Thz sublimed material, upon examinatior
by infrared and mass spectrographic araly 3is, apoears to be a cyclic siloxane.
The gum product is evidently polymeric; a molecalar weight will be obtained.

H, acetone
CSi(CHz) 3(CBioHiuC(CH) 3 ,.C l + (11:06H, CH3

C1 3 CH 3

01-f I i
SSi(CHz)3CBOHjOC(CHz)3i V + CHfSi Si-OH1

(CH()3 (CH,)3
/

CB 1 OHoC

-8-
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A COP 01-,-ffer <.f 1 7i F- i!- (h!or od-.rethv Isiiyl I preopyTl ca rior ane a ndf
chioietramthvliloxan 1as prepared i tr vrcvi 0i t:.hr-'- two

~m~erai i eh~ OtC~ T ~e~Ck was a m-edliurm. Viscosity liqiid --i
rnec! ila r w e ig uOc o ~qain

F)i3 CH-3  Cr13 CI-

F-

CH CH- 441-

- 9 -Report RMD 5065-01
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III. SUMMARY

This is a prograrn to synthesize thermally stably .arborane-siloxane
elastomners. The polymrn :structure deemed most desirable for this objective

CH43  CH3

is one having the grouiping -0 Si (CHZ )3CB1OH1OC(CH_) 3 S' - in the chain backb-ane.
CH3  CH3

Towar-d the synthesis of such polymers. silane and siloxane interxmreciates and
mcuoyi ers have been prepared. These include chiorodimethylsilane, tetra
methyldio-sloxane, and dic-hio rotetrarethyldibsiloxa-ne. The carborane materials,
i,7'- dialyea rb-arane and I * 7-bis F3- chlorodi.rnethylIsilyl) propyI carborane,
were pz.tare-4 and their -m ri tation and copolymnerization were investigated.

-waz~ obtain-d., ( jr sityl hydride addition D e nriatn,&r
I, ? ar~~zanead tetramethA-disiloxane, A homnopolym~er of ),7-bis-

[3- (chloeqdzrethyltajyl) zaopyll Carborane was :)btained as a gum- copolymers
of this cornp.ii.1A with dieth-oxv-dimetk-yisiia4 ne and dicloiotetr -methyldisiloxane,
obtairsed by alko"y halo8<,n condees-atiort and hydrolysis respectively, were
iiquidf; of 1&800 and m~ xolecular wteight.

- 0
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